Background. Hodgkin lymphoma (HL) in children constitutes approximately 30% of all pediatric lymphomas in Sweden. The chance of cure is high, but the frequency of late effects has been considerable. Over recent years, efforts have been made to reduce treatment with maintained survival. Material and methods. All patients 0 -17 years, identifi ed in the Swedish Childhood Cancer Register as diagnosed between 1985 and 2009, were included. The material was analyzed using descriptive statistics and for survival estimates the Kaplan-Meier method was used. Results. Three hundred and thirty-four patients were identifi ed during this time period. The median age was 14 years. Male sex was over-represented, especially in lower age groups and in nodular lymphocyte predominant Hodgkin lymphoma (NLPHL). In nodular sclerosis and in age group 15 -17 years, female sex dominated. Most of the cases presented in stages I or II. B-symptoms were present in 38% of cHL, but only in 7% of NLPHL. The number of patients receiving radiotherapy has been signifi cantly reduced during the period studied. The relapse rate in cHL was 10 Ϯ 2% and in NLPHL 16 Ϯ 7%. The relapse rate was signifi cantly higher in cHL stage IIB compared to other stages in the same therapy group. In cHL 6% died, and in NLPHL 0%. The 5-, 10-and 20-year overall survival estimates in cHL were 96 Ϯ 1%, 95 Ϯ 1% and 90 Ϯ 3%, respectively, with no signifi cant difference when comparing different treatment regimens and time periods. The 5-and 10-year overall survival after relapse in cHL was 81 Ϯ 8% and 75 Ϯ 10%, respectively. Conclusion. During the period studied there is no indication of a decline in survival despite changes in treatment. Survival rates in Sweden are high, and even after relapse chances of cure are high. We were not able to identify any characteristics specifi c for the group of patients that did not survive.
Hodgkin lymphoma (HL) in children is rare, with an incidence of 0.5/100 000 [1] for children 0 -14 years of age in Sweden, compared to 2/100 000 [2] in adults. This represents about 30% of all lymphomas in children and 5 -10% of all lymphomas in adults. For many years, the survival rates have been high in the industrialized world. However, the rate of severe late effects is considerable. The main late effects of treatment are secondary malignancies [3, 4] , cardiopulmonary diseases [5, 6] (lung fi brosis, pneumonitis, cardiac failure, and arteriosclerosis), muscular atrophies [7] , infertility [8] , hypothyroidism and growth retardation [9] . In order to reduce the early and late effects the treatment protocols have been constantly evaluated and altered over recent decades, to reduce radiotherapy and to use less toxic chemotherapy [10, 11] .
The Swedish Childhood Cancer Register, initiated in the early 1980s, provides a unique opportunity to learn more about HL in Swedish children. The aim of this study of pediatric HL was to investigate incidence, age, sex, subgroups, stage, treatment, relapse, survival and whether there are any indications that the changes in treatment has resulted in a decline in overall survival (OS) or event-free survival (EFS). Another aim was to identify characteristics specifi c for the group of patients who did not survive.
Material and methods

Material
All patients 0 -17 years at diagnosis, identifi ed in the Swedish Childhood Cancer Register as diagnosed with HL between 1985 and 2009 were included in this register study.
The Swedish Childhood Cancer Register comprises patients up to 18 years of age at time of diagnosis. The register was ethically approved by all the different regional ethics review committees in Sweden headed by the Karolinska Institutet ethics review committee; KI Dnr 03 -642. Informed consent to register data was obtained from parents. Some teenagers with HL, 15 -17 years old, may, especially during the fi rst part of the study period, have been treated in adult oncology clinics and may not have been reported to the Swedish Childhood Cancer Register. However, a cross check with the Swedish Cancer register did not indicate that this was a signifi cant problem. In this article we present data for the whole group of 0 -17-year-olds, but in addition to this we also present data for the group of 0 -14-yearolds to allow comparison with many other reports on cancer in children where this defi nition is used.
Patient charts from the deceased patients have been studied in more detail to identify characteristics specifi c for this group.
Classifi cation and staging . The WHO classifi cation of HL [12] is based on morphological fi ndings and divided into different groups: classical Hodgkin lymphoma (cHL) and nodular lymphocyte predominant HL (NLPHL), which is a subclass of HL with somewhat different morphology and biology. NLPHL has been reported in about 5% of adult HL [13] , but more commonly in adolescents and children [14] . Results for NLPHL will be reported separately. cHL is further divided into four subgroups: lymphocyte rich classical HL (LRcHL), nodular sclerosis (NScHL), mixed cellularity (MCcHL) and lymphocyte depleted HL (LDcHL). Biopsy material from 71 patients (the Uppsala-Stockholm region) has been re-evaluated by an experienced lymphoma specialized pathologist resulting in exclusion of one patient where the re-evaluation showed NHL instead of HL. The staging system used is Cotswold ' s modifi ed version of the Ann Arbor ' s classifi cation [15] .
Treatment . There are six regional pediatric oncology centers in Sweden. Since the formation of the Swedish Childhood Solid Tumor Working Group (VSTB) in 1983 the consensus has been that the different tumors should be uniformly treated in all Swedish children and that the treatment should be delivered at, or at least directed from, a pediatric oncology center. pilot, GPOH Interim, and EuroNet-PHL-C1). The doses of radiotherapy have gradually been reduced, and in some groups omitted, depending on response to therapy measured by volume-and/or FDG-PET (fl uoro-deoxy-glucose positron emission tomography) uptake reduction. An overview of the different treatment strategies is presented in Table I .
Methods
Descriptive statistics was used for incidence, age, sex, subgroups, stage and treatment. The χ 2 -test was used for comparison between groups and the Kaplan-Meier method was used for survival estimates. OS and EFS was studied in relation to sex, age at diagnosis, therapy groups, stage, protocols, B-symptoms and subgroups of HL. To investigate whether there was a change in OS and EFS after changes in therapy in 1996 and onwards, the patients were divided in two groups. Those receiving therapy according to protocols from the middle of the 1990s, initiated by GPOH and later the EuroNet-PHL-C1 study, were compared to those treated earlier. It must be emphasized that the power to detect small changes in survival is very limited in a small study like ours, and therefore especially when no difference has been detected the results must be interpreted with caution and equivalence cannot be assumed. Similarly, when performing sub-group analyses, this problem is even more pronounced. OS is an estimation of the proportion of children that will survive. In this analysis, induction death, death in remission or death following relapse are defi ned as events. EFS is an estimation of the fi nal proportion of children in complete remission (CR) compared to all children in the study group. In this analysis, relapse, secondary malignancy or death due to any cause are defi ned as events. With long follow-up time, the p-EFS will approach the percentage of children in CR. The log-rank test was used as the significance test when comparing survival in different groups. An additional analysis of the effect of different covariates on OS and EFS was made using Cox regression analysis. The level of signifi cance was set at 0.05. The statistical analyses were performed using SPSS 18.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
Incidence, age and sex (all subgroups)
Between 1 January 1985 and 31 December 2009, 335 children under 18 years of age were diagnosed with HL in Sweden and registered in the Swedish Childhood Cancer Register. One was excluded after re-evaluation of the diagnosis. Of the 334 children, 200 were Ͻ 15 years of age at diagnosis and the youngest child was diagnosed at the age of two.
The overall annual incidence in the age group 0 -14 years was 0.5/100 000 Swedish children with a male predominance (M/F ratio ϭ 1.65 corrected for the natural sex distribution in the population) and increasing incidence with age. The incidence in the 0 -17-year-old group was 0.7/100 000 and the sex distribution was M/F ratio ϭ 1.22. No change in incidence trend was observed over these 25 years ( Figure 1 ). The median age at time of diagnosis was 14 years of age. Boys predominated in the younger age groups, especially in the group 0 -4 years of age in which all 11 cases were boys, but in the group 15 -17-year-olds there was a slight preponderance of girls (55%) (Figure 2 ).
Histological subgroups
The distribution of subgroups was NScHL 68% (n ϭ 227), MCcHL 15% (n ϭ 50), NLPHL 13% (n ϭ 42), LDcHL (n ϭ 4) 1%, no case of LRcHL, and unspecifi ed HL 3% (n ϭ 11). The distribution in different age groups is shown in Figure 2 . For NScHL, a slight female predominance (52%) was found, while the other subgroups were more common among boys (74 -81%). NScHL is the most dominant subgroup among 15 -17 year olds (79%), and contributed to 18% of the cases in 0 -4 year olds. In MCcHL 73% of the cases occurred among the youngest and 10% in the 15 -17-year-old age group. NLPHL will from now on be reported separately.
Classical HL
The total number of patients with cHL was 292. The median age was 14 (2 -17). The sex distribution was 53% boys and 47% girls.
Stage . Most of the cases presented in early stages; stage I 10% (n ϭ 30), II 60% (n ϭ 174), III 19% (n ϭ 55), IV 11% (n ϭ 31). In two cases, information about stage was missing. B-symptoms were reported in 38% of the cases and were more common in higher stages, especially in MCcHL where 80% had B-symptoms in stage IV. All cases (n ϭ 4) with LDcHL presented with B-symptoms. Higher stages (stage III and IV) were more common in the last period, 36%, versus 19% in the earlier period.
Treatment . One hundred patients were treated with MOPP or MOPP/ABVD, together with or without radiotherapy. One hundred and seventy-two patients received treatment according to the GPOH protocols or the EuroNet-PHL-C1 protocol. Seven patients received only radiotherapy (NScHL stage IA or IIA). In the case of 13 patients, the treatment was not known. At least 69% (n ϭ 202, 15 missing data) of the patients received radiotherapy in the fi rst-line treatment. Patients treated according to EuroNet-PHL-C1 received radiotherapy signifi cantly less often compared with patients treated according to the GPOH protocols and older treatments 42% versus 76% versus 76% (p ϭ 0.002). When comparing treatment before and after 1996, the corresponding fi gures are 79% versus 65% (p ϭ 0.08).
Survival analyses . The 5-, 10-and 20-year OS estimates (all cHL patients) were 96 Ϯ 1%, 95 Ϯ 1% and 90 Ϯ 3%, respectively, with a mean follow-up time of 11.4 (0 -25.5) years. There was no signifi cant difference in OS between boys and girls, different age groups, those with or without B-symptoms or different groups of treatment. Children treated before 1996 (group 1, n ϭ 107) had a mean follow-up time of 18 (0.5 -25.5) years and 11 patients had died, 0.5 -17 years after diagnosis. Children treated after 1996 (group 2, n ϭ 172) had a mean follow-up time of 7.1 (0 -14.5) years and seven of the patients had died, 0 -2.9 years after date of diagnosis. When comparing treatment, 13 patients were not included in either group due to lack of information. The 5-and 10-year OS was 97 Ϯ 2% and 94 Ϯ 2%, respectively, in group 1, and 96 Ϯ 2% and 96 Ϯ 2% in group 2 (Figure 3 ). The 5-and 10-year EFS were 88 Ϯ 2% and 87 Ϯ 2%, respectively. There were no signifi cant differences between the groups (group 1 89 Ϯ 3% and 88 Ϯ 3%, group 2 88 Ϯ 3% and 86 Ϯ 3%) (Figure 4 ). Neither were there any signifi cant differences in EFS when comparing the three therapy groups. In TG 2, stage IIB had signifi cantly lower EFS compared with the other stages in the same group (stage IIAE, IIIA) (p ϭ 0.028) ( Figure 5 ). This pattern was seen both in patients treated before 1996 and after, although it was statistically significant only for the whole group and for the group treated after 1996. With cox regression analysis, including the co-variates: year of diagnosis, age, sex, stage, B-symptoms and group of treatment (before vs. after 1996), patients with B-symptoms had marginally signifi cant lower EFS (p ϭ 0.05).
Relapse . Twenty-nine of the 292 children with cHL relapsed (10%) with a relapse rate of 10 Ϯ 2%. The mean and median time from diagnosis to relapse was 1.6 and 1.0 years, respectively, (0.4 -6.5 years). They had a median age of 14 years of age (3 -17 years) at time of primary diagnosis of HL and there was a tendency towards male predominance (M/F ratio ϭ 2.1, p ϭ 0.065). The distribution of the different subgroups was: NScHL 25/227 (11%), MCcHL 3/50 (6%) and LDcHL 1/4 (25%) ( Table II) .
The number/proportion in each stage was one in stage I (3% of all stage I patients), 20 in stage II (11% of all stage II patients), three in stage III (6% of all stage III patients) and fi ve in stage IV (16% of all stage IV patients). B-symptoms at presentation were found in 15/29 (52%). The 5-and 10-year OS after relapse was 81 Ϯ 8% and 75 Ϯ 10%, respectively ( Figure 6 ).
Among the relapsed patients, four were primarily treated according to EuroNet-PHL-C1, three according to GPOH-HD 2002, 10 according to GPOH-HD 95, eight with MOPP-ABVD and three with radiotherapy alone. For one patient the treatment was not known, and no patient was treated with surgery alone. Eight of the relapsed patients died. They were primarily treated according to GPOH-HD 95 (4, all boys) and with MOPP/ABVD regimens (2 boys, 2 girls). Eight patients were treated with high dose chemotherapy with stem cell rescue in the salvage therapy.
Deceased patients . Eighteen of the 292 children with cHL have died; 10 of them within fi ve years of diagnosis. They were between three and 17 years of age when diagnosed with HL and they passed away from between a few weeks to more than 17 years after diagnosis, with a mean/median survival of 6.4 and 3.6 years, respectively. The sex ratio was M/F ϭ 2.0. Nine of them (50%) had B-symptoms at primary diagnosis and eight were reported with relapse of disease (where 7 died from the disease, 1 died in remission). They suffered from NScHL (n ϭ 15), MCcHL (n ϭ 2) and LDcHL (n ϭ 1) (Table II) . None of these patients were in stage I, 12 were in stage II (7% of all stage II patients), three were in stage III (6% of all stage III patients) and three were in stage IV (10% of all stage IV patients). Nine died from HL and/or other lymphoma (7 relapsed, 2 had progressive disease) where the primary diagnosis MDS). One of the 18 died from stroke soon after the fi rst treatment cycle with chemotherapy. One other had underlying immunodefi ciency, chronic EpsteinBarr infection and was treated for HL with CR followed by allogeneic bone marrow transplantation due to the immunodefi ciency, and died 1 month after transplantation, reported in CR from HL. One suffered from hemolytic anemia, hemochromatosis and infections and died 15 years after HL diagnosis in CR (sibling died from immunodefi ciency). In four cases the cause of death was unknown (death occurred 0.5 -17 years after diagnosis with HL). Of those four, one had three relapses and was treated with high dose chemotherapy with stem cell rescue, but died in CR 15 years after diagnosis, approximately 10 years after the high dose therapy NLPHL Forty-two cases presented with NLPHL. The median age was 13 years of age (2 -16) with the majority of the cases in the age group 10 -14 years (n ϭ 23) (Figure 2) . The majority was boys, 81% (n ϭ 34 vs. 8). Most of the cases presented in early stages (stage I n ϭ 23 (55%), stage II n ϭ 14 (33%), stage III n ϭ 4 (10%) stage IV n ϭ 1 (2%) and B-symptoms were present in three patients (7%).
Two had radical surgery and no other treatment, three received only radiotherapy, 15 were treated with MOPP/ABVD regimens together with or without radiotherapy (10 vs. 5), 11 according to GPOH-HD 2002 pilot (6 with radiotherapy, 3 without, 2 missing data), fi ve according to GPOH-95 (4 with RT, 1 without), and one according to EuroNet PHL-C1. For fi ve patients the treatment was not known.
Five patients relapsed (12%), with a relapse rate of 16 Ϯ 7%, three of them male, two with B-symptoms, four in stage II, and one in stage I. All patients are still alive with a mean follow-up time of 13 (0.7 -25) years.
was HL and biopsy at time of relapse showed HL (n ϭ 6), suspected anaplastic large cell lymphoma (with signs of HL in bone marrow) (n ϭ 1), HL and diffuse large B-cell lymphoma (n ϭ 1), and HL and B-lymphoblastic lymphoma, respectively (n ϭ 1). Among those who died from HL and/or other lymphoma, no patient was in stage I, six were in stage II (2 with B-symptoms), one was in stage IIIB, one was in IVA and one was in IVB at the time of diagnosis. Two developed and died from a second malignancy; breast cancer (n ϭ 1, 16 years after diagnosis of NScHL stage IIB bulky disease, treated with chemotherapy and radiotherapy, no relapse), and myelodysplastic syndrome (MDS) followed by acute myeloblastic leukemia (AML) (n ϭ 1, MDS 4 years after diagnosis of NScHL stage IVB treated with chemotherapy and radiotherapy, no relapse, and AML 2 years after bone marrow transplantation for Dead due to treatment complications Figure 6 . Survival after relapse cHL.
Discussion
Survival rates for children with HL have been very high for a long time, and therefore the reports of early and late effects provide an incentive to fi nd a balance in treatment -to neither over-nor undertreat the young patients with a long life expectancy and to individualize and tailor treatment according to the specifi c risk profi le. However, the high survival rate in HL makes it diffi cult to identify signifi cant differences and it requires a very large number of patients to be able to draw conclusions that can lead to changes in treatment. During this period of time, 1985 -2009, the radiation fi elds and doses have been reduced and the primary treatment with chemotherapy has changed to less toxic drugs. The patients in our material have received less radiotherapy in the fi rst-line treatment during the period studied, especially in the latest protocol, EuroNet PHL-C1, where FDG-PET has been used to stratify treatment. No signifi cant difference in OS or EFS was observed when comparing the two time period groups (Figures 4 and 5 , respectively) and the Swedish results are comparable to the best in the world [16] . Patients with relapsed disease have lower OS. Compared to other cancer groups in children, the salvage gap, i.e. the chance of surviving despite relapse, is still relatively high. Stage IIB has a signifi cantly lower EFS compared to the other stages in the same treatment group, indicating that B-symptoms may be of greater importance than number of engaged sites (IIB vs. IIAE/IIIA). The same pattern has also been shown in adults with HL in Sweden [17, 18] ; especially in patients with bulky disease. Unfortunately, there is no reliable data on bulky disease in the Swedish Childhood Cancer Register. Stage IIB with extra nodular engagement is treated more intensively, following TG3 recommendations. It could be discussed whether all stage IIB patients should be upgraded to more intense treatment.
We have also observed a higher frequency of advanced stages in the later time period, which might be due to better imaging techniques. This possible drift in stages could imply that patients during the later period have received more intensive treatment, which may have affected the survival rates.
Boys are overrepresented in the whole material, with a sex ratio of 1:65, and this is even more pronounced in younger age groups, which is congruent with earlier studies [19, 20] . Among the relapsed patients the ratio is 2:1. This is not a statistically signifi cant difference but indicates a trend. Eleven of the relapsed patients were treated according to GPOH-95 and eight of them were boys. This protocol has reported slightly poorer disease-free survival for boys [11] . Also among those treated with MOPP/ABVD regimens relapse in boys predominates (7 vs. 3). Among those treated according to EuroNet-PHL-C1 the sex relapse rate ratio is 1:1 (2 vs. 2). The fi nding that male sex may be an unfavorable risk factor in children is in line with the situation in adults where male sex is considered an unfavorable risk factor when stratifying treatment [21] .
NScHL is the most dominant subgroup among 15 -17 year olds (79%), but it only contributed to 18% of the cases in 0 -4 year olds. In MCcHL a contrary pattern was seen where 73% of the cases occurred among the youngest and only 10% in the 15 -17-year-old age group. This is consistent with earlier fi ndings in the industrialized world [22] .
Among the deceased patients where patient charts have been studied in this material we have found secondary malignancies in two patients and NHL at relapse in three patients. The extent to which the patients who are still alive have suffered or suffer from any secondary malignancy is not known. We have no reliable data from this register on how frequent other secondary side effects of the treatment are. This would require further research including crosschecking with the Swedish National Cancer Register, and targeted clinical follow-up for cardiac, pulmonary, endocrinological and muscular dysfunctions.
As this is a retrospective study the diffi culty to differ between results from changes in therapy and results from better supportive care should be taken into account when interpreting the outcomes.
All register-based studies have limitations and the quality of the registers is dependent on how the information is reported and documented. Sweden is known to have high quality registers. The Swedish Childhood Cancer Register has been compared with the Swedish National Cancer Register and was found to be of comparable quality.
Earlier studies have reported considerable misclassifi cation of non-HLs as well as HL [23, 24] . In this study, a sample (71 patients diagnosed in Uppsala and Stockholm, 21% of the tumors) were re-evaluated by an experienced lymphoma specialized pathologist. Only one patient was reclassifi ed as non-HL. Extrapolating these numbers for the whole material would give a misclassifi cation rate of 1.4%, which is lower than in most other studies. However, this rate can only be seen as an indication, since quality of pathology might differ between centers and over time.
During the period studied we have not been able to detect any indications of changes in survival. This could indicate that changes in treatment have not infl uenced the EFS or OS. Other possible explanations could be better supportive care, a drift to more advanced stages in the later period (leading to more intensive treatment) or a lack of power to detect a small difference. Survival rates in Sweden are high, comparable to the best in the world, and even after relapse the chances of cure are high. All patients in stage I are still alive. Patients with B-symptoms tended to have lower EFS. Stage IIB had lower EFS compared to the other stages in the same risk group (TG2). We were not able to identify any other characteristics at time of diagnosis specifi c for the group of patients who did not survive.
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